Background and Purpose We sought to examine risk factors for all strokes and for ischemic stroke and primary intracerebral hemorrhage separately.
A lthough mortality from stroke has fallen consid-/ \ erably in Australia 1 and other developed coun-.Z \ . tries 2 over at least the last four decades, there are few data sets in which explanations for this trend can be sought. However, it seems likely that a decrease in the incidence of stroke has contributed to the sustained fall in mortality from cerebrovascular disease. The incidence of stroke potentially can be reduced further if some sufficient causes of stroke contain component causes that are avoidable and those causes can be identified and modified or removed. It is therefore worthwhile to reexamine the etiologic factors for stroke from time to time to determine the avoidable factors involved. This should also prompt changes in the emphasis given to particular preventive activities to reflect changes over time in the population-attributable proportions attendant on individual factors. For example, a decrease in the prevalence of atrial fibrillation as a consequence of a fall in the frequency of both rheumatic 3 and ischemic heart disease 4 -5 should mean that the proportion of all strokes related to atrial fibrillation is lower now in developed countries than ever before.
For many years medical thinking about the prevention of stroke has been characterized by an emphasis on secondary prevention. Acknowledging male sex and advancing age as risk factors that cannot be changed, attention has been concentrated on hypertension, diabetes mellitus, and atrial fibrillation 6 and on the role of aspirin in those with symptomatic cerebrovascular disease. 7 The relation between smoking and stroke emerged much later than the role of smoking in ischemic heart disease and peripheral vascular disease, 8 and there is still some uncertainty surrounding the effect of alcohol on the risk of stroke, 9 probably because qualitatively different risks attend different levels of consumption. Other aspects of lifestyle, particularly dietary factors, have received little attention in terms of their possible effect on the incidence of stroke.
Another feature of the traditional approach to the prevention of cerebrovascular disease is that "stroke" has often been considered as a single pathological entity. 1011 Indeed, it is only with the advent of reliable techniques for the in vivo diagnosis of the pathological basis of a particular case of stroke that there has been the possibility of asking whether risk factors for ischemic cerebrovascular disease are different from those for hemorrhagic disease. It is conceivable that control of certain risk factors for cerebrovascular disease would lead to a differential decrease in the incidence of one particular type of stroke.
This article describes a case-control study of stroke based on a population-based register of acute cere-brovascular events compiled in Perth, Western Australia, aimed at identifying risk factors for ischemic and hemorrhagic strokes separately.
Subjects and Methods

Case Subjects
Cases of stroke were drawn from the register of acute cerebrovascular events compiled as part of the Perth Community Stroke Study (PCSS). As described elsewhere, 12 the PCSS attempted to identify and document every case of stroke and transient (cerebral) ischemic attack (TIA) affecting members of a geographically defined population resident in the northern suburbs of Perth, the capital city of the State of Western Australia. Multiple sources were used to ascertain cases, standard definitions of stroke and TIA were applied, and the pathological basis of 86% of the cases of stroke was confirmed by computed tomographic or magnetic resonance imaging scan or by necropsy. The register operated between February 20, 1989 , and August 19,1990 , inclusive. First-ever strokes refer to patients who had no previous history of stroke, that is, patients who suffered their "first-ever-in-a-lifetime" stroke during this period. Based on census data, the Australian Bureau of Statistics estimated the size of the study population on June 30, 1989 , to be 138 708 persons.
Control Subjects
Each case subject was matched for sex and 5-year birth cohort with one or more control subjects drawn from electoral rolls for the study area of the PCSS. Because enrollment to vote is compulsory for all Australian citizens aged 18 years or older, electoral rolls provide a close approximation to a population-wide, name-identified list of adults. On the basis of the distribution of pathology in a pilot register compiled for the same area in 1986 13 and a desire to have at least 80% power for detecting relative risks of 2.0 attendant on exposures shared by 20% of the general population, the matching ratio of control to case subjects was varied from 1:1 for each case of occlusive stroke to 5:1 for each case of intracerebral hemorrhage. In a few instances an individual invited to be a control subject was found to have suffered a stroke during the period of the study that had not previously been registered. These subjects were then included as case subjects, and new control subjects were selected.
Ascertainment of Exposure
Case subjects were interviewed by a neurology registrar (C.S.A.) at home or in the hospital as soon as possible after the episode of stroke became known to the PCSS. A relative or other informant was frequently present during this interview and served as the sole source of information in 20% of instances when a patient was unable to communicate or death supervened before an interview with the patient could be arranged.
Control subjects were initially invited by mail to participate in the study, and this was followed up by a telephone call. Those who agreed were interviewed at home by one of three research nurses or by C.S.A. Potential control subjects who could not be contacted by telephone or by personal visit after several attempts, or who had moved outside of the study area after the date of the stroke for the matching case subject, were replaced by others. Interviews with control subjects began in August 1989 and were completed in February 1991.
Exposures of interest were recorded using a semistructured interview schedule and precoded questionnaire. Because cases were first seen after the stroke had occurred, only a history of hypertension is used in the present analysis. Peripheral vascular disease was judged to be present if there was a clear history of intermittent claudication, that is, calf pain brought on by walking and relieved by rest. Diabetes mellitus was accepted on the basis of a history of that condition except for some patients with stroke in whom a random blood glucose was found to exceed 11.1 mmol/L. Self-reported data on smoking were used to classify subjects as lifelong nonsmokers, exsmokers of at least 12 months' standing, current smokers of 1 to 20 cigarettes daily, and those smoking more than 20 cigarettes daily. Consumption of alcohol was assessed via a retrospective "diary" of drinking on each day of the week preceding the stroke (case subjects) or the interview (control subjects) and analyzed in terms of average daily consumption of absolute alcohol during that period. All subjects were asked about any history of stroke, TIA, or myocardial infarction, current frequency of eating meat and fish and of adding salt to food, whether they habitually used full-fat as opposed to reduced-fat or skim milk, and whether they usually spread butter rather than margarine on bread. Culinary habits of interest included removal of visible fat from meat and of the skin from poultry before eating it. Each subject was also asked about all medications being taken at the time of the stroke (case subjects) or interview (control subjects), although only the data on aspirin are presented in this report.
Statistical Methods
The data for each case and its matching control(s) were initially reviewed using SAS software 14 to produce frequency tables. Univariate comparisons and reverse stepwise multivariate conditional logistic regression were performed separately for cases of intracerebral hemorrhage (excluding subarachnoid hemorrhage), cases of ischemic stroke (thrombotic stroke, embolic stroke, lacunar stroke, and boundary zone infarction combined), and for all strokes (including subarachnoid hemorrhage), using EGRET software. 15 In general, subjects with missing information were excluded from all analyses. This meant that increasing numbers of case-control sets entered a given model as the number of factors under consideration fell. However, if a multivariate model would not converge, missing values were reset to valid values such that the final estimates of differences between cases and controls were likely to be conservative. For example, an individual for whom no smoking or dietary history could be obtained was deemed to be a lifelong nonsmoker who ate meat infrequently and fish often and who always used reduced-fat or skim milk.
Population-attributable proportions were calculated by determining the number of strokes of a given pathological type in each group defined by sex and 5-year age group that were mathematically attributable to a particular exposure, on the assumption that the exposure modified the risk of the disease. The figures for all age-sex cells were added and the total divided by the total number of strokes of that type that were observed. Algebraically, this may be expressed as
where n s is the number of strokes of a given type occurring in a particular sex and 5-year age group, p, is the proportion of control subjects in that group reporting exposure to the factor of interest, and OR is the odds ratio for the factor derived from a multivariate conditional logistic model. This calculation was repeated using the lower and upper 95% confidence limits of each odds ratio to obtain some estimate of the range of the proportion of strokes mathematically attributable to each exposure. The prevalences of exposure to individual risk factors among control subjects were summarized by age standardization using Segi's "world" population as the external reference. 16 
Ethical Clearance
The protocol for the study was approved by the Committee for Human Rights of the University of Western Australia, the Ethics Committee of Royal Perth Hospital, and the Confiden- 
Results
The PCSS register includes a total of 536 events meeting the World Health Organization criteria for stroke. These events occurred in 492 individuals. At least some data on exposures were available for all but one of the case subjects. Of 1441 potential control subjects initially selected, 169 had died or moved out of the study area, 75 could not be contacted by telephone or by personal visit to the address given on the electoral roll, 29 were already included as a case, 237 declined to participate, and the remainder completed an interview. Thus, the response rate among those not included as a case and not known to have died or moved away was 75%.
Risk Factors for All Strokes Combined
Data for 501 cases of stroke and 931 control subjects included in the univariate analyses of individual risk factors are presented in Table 1 , and the first column of Table 2 shows the most parsimonious multivariate model for all strokes combined. Exclusive use of margarine and regular use of aspirin, along with regular consumption of fish, removal of fat and skin, and previous acute myocardial infarction, all fail to enter the latter model. Although the point estimates associated with the remaining individual factors in Table 1 are altered, the findings of the univariate analysis are qualitatively unchanged, despite the fact that the multivariate model is based on only 828 subjects (295 cases).
The second set of results in Table 2 represents the most parsimonious model involving the 728 subjects (175 cases) who had no previous history of either stroke or TIA and for whom the data on other exposures were complete. The same factors enter this model as that for all strokes except that use of added salt was not associated with a significant increase in risk, whereas consumption of fish more than two times per month appeared to confer protection against a first-ever stroke. Although there is some variation in the point estimates for other individual exposures, the overall patterns of risk and protective factors for all strokes and for first-ever strokes are quite similar. This being said, consumption of one to two alcoholic drinks daily is not clearly associated with protection against a first-ever stroke, and there is a suggestion that the increases in risk associated with heavy drinking and with current smoking are greater for first-ever strokes than for all strokes combined. Tables 3 and 4 present two comparisons of risk factors for ischemic strokes and primary intracerebral hemorrhage (PICH). In Table 3 only those factors entering the most parsimonious model for each type of stroke are listed. Thus, consumption of alcohol at an average of greater than six "standard" (10-g) drinks per day is seen to confer an increased risk only of hemorrhagic stroke, and exsmokers appear to enjoy a degree of protection against ischemic but not hemorrhagic stroke. Smokers of more than 20 cigarettes daily have a significant increase in risk of either form of stroke, as do individuals with a previous episode of cerebrovascular disease. Hypertension and diabetes mellitus are associated with an increased risk of ischemic stroke only, whereas habitual use of reduced-fat or skim milk appears to protect against such events. Adding salt to food seems to increase the risk only of PICH, but regular consumption of fish is associated with a decrease in the risk of strokes of this type. Table 4 presents results of separate but identical multivariate analyses of the risk factors for each form of stroke, each model consisting of factors that were associated with a significant variation in risk from the null value for at least one of the two types of stroke. To obtain convergence of these statistical models, it was necessary to recode missing values to valid but conservative levels, as described in "Subjects and Methods." This led to exclusion of the variable reflecting type of milk used but inclusion of one describing previous acute myocardial infarction. Although the stratum-specific confidence intervals include unity, the results in Table 4 suggest that the dose-response curve for alcohol for the two forms of stroke may differ, with that for PICH rising sooner than the curve for ischemic stroke. For both types of stroke there is an obvious upward trend in risk with increasing intensity of smoking, although the point estimates are consistently higher for PICH. Whereas the risks associated with a history of hypertension or a previous episode of cerebrovascular disease are effectively indistinguishable, occlusive coronary disease appears to be selectively associated with ischemic stroke. The small degree of overlap in the confidence limits surrounding the point estimates for diabetes mellitus prompts the suggestion that diabetes has opposite effects on the incidence of the two forms of stroke. As expected, the results for salt and fish are consistent with the pattern evident in Table 3 , with a selective protective effect for PICH of frequent consumption of fish again being apparent.
Risk Factors for Ischemic and Hemorrhagic Strokes Considered Separately
Population-attributable proportions for ischemic stroke, PICH, and all strokes combined are presented in Table 5 . To convey the uncertainty surrounding such attributions, the figures in this table have been calculated from the upper and lower confidence limits presented earlier for each factor. Because these calculations take into account the prevalence of the individual exposures (displayed as age-standardized proportions in Table 6 ), the apparent importance of particular factors differs from that suggested by the corresponding odds ratios. For example, the relative rarity of heavy consumption of alcohol means that it is implicated in at most one in nine strokes, while between 2% and 30% of Combination of thrombotic stroke, embolic stroke, boundary zone infarction, and lacunar infarction. tRefers to average daily consumption during the preceding week.
additional strokes appear to have been avoided by almost half the community consuming one or two alcoholic drinks daily. Surprisingly, hypertension and frequent consumption of meat appear to make approximately equal contributions to the overall burden of stroke borne by this community, ahead of those related to salt, diabetes, smoking, and peripheral vascular disease. For PICH, however, salt ranks ahead of hypertension, and the maximum likely contribution from diabetes is modest. Nevertheless, diabetes may be implicated in the genesis of one sixth of all strokes. Apart from moderate consumption of alcohol, the only factor associated with an overall protective effect is habitual use of reduced-fat or skim milk. The data suggest that the burden of stroke experienced by this community has been reduced by at least 9%, and perhaps by as much as one third, by the use of these products. Given that more than two thirds of adults in the study population still use full-fat milk (Table 6 ), there appears to be considerable scope for further reduction of cerebrovascular disease by changing dietary patterns.
Discussion
Our results are consistent with previous observations regarding the role of alcohol, tobacco, hypertension, and clinically evident cerebrovascular disease in the etiology of stroke, 8 -911 but they also suggest systematic differences in the risk factors for ischemic and hemorrhagic strokes and suggest that dietary factors may contribute significantly to the overall burden of cerebrovascular disease.
Selection bias relating to choice of cases is unlikely to have been a problem because the study drew upon a population-based register of acute cerebrovascular events that was compiled prospectively using multiple sources of ascertainment and internationally accepted definitions of stroke and TIA. Objective evidence of the pathological basis was obtained for 86% of cases of stroke, and rigid criteria were used to differentiate hemorrhagic from ischemic strokes. Although the latter classification was not performed in a blind manner, this would not affect the results for all strokes combined.
A similarly detailed protocol was used to identify potential control subjects concurrently from the same population as that giving rise to the case subjects. The response rate among control subjects was high but not perfect, and this, combined with the fact that residents of the study area who were not Australian citizens are omitted from electoral rolls, as are some elderly, infirm persons, 17 means that the data for control subjects could be affected by selection bias. Insofar as nonresponse is associated with heavy smoking or drinking, for example, or with established ill health, perhaps secondary to aspects of lifestyle, this would serve to exaggerate the differences apparent between case and control subjects. On the other hand, the inclusion among control subjects of a small number of individuals who had experienced a stroke or TIA outside the registration period of the PCSS would have the opposite effect on our results. Potentially greater difficulties surround the collection and interpretation of the data concerning the exposures of interest. Interviews with case and control subjects were conducted by different individuals, making blinding impossible, and the data are largely based on self-report. On the other hand, the items included in the present analysis formed only a small part of longer structured interviews for both case and control subjects, and a close relative or other informant was frequently present and could have verified or contradicted responses from the interviewee. Recall bias remains a potential problem, but the questions did relate largely to usual behaviors, to the very recent past, or to medical conditions that were likely to be ongoing.
We expected that each of hypertension, diabetes, and previous stroke or TIA would be associated with a significant increase in the risk of ischemic stroke in this population, while the relation between consumption of alcohol and stroke is better defined than in previous studies. Heavy consumption of alcohol has been associated with ischemic stroke in a few studies, 918 but only among men. Reports on the effects of moderate intake of alcohol are also contradictory. In the current study, the relation between alcohol and risk of ischemic stroke is not linear, but there is no conclusive evidence of increased risk at levels of recent consumption exceeding 60 g/d of alcohol. In contrast, consumption within the range recommended by the Australian National Health and Medical Research Council 19 appears to have a protective effect.
Our results also support accumulating epidemiologic evidence indicating that cigarette smoking is a risk factor for ischemic stroke, 820 although the effect appears less marked than for ischemic heart disease and peripheral vascular disease. That ex-smokers have a significantly reduced risk compared with self-reported never-smokers was an unexpected finding, although some decrease in risk was also reported recently in another Australian study. 21 Other investigations 8 ' 9 ' 20 have shown that the relative risk of ischemic stroke approaches that of never-smokers within several years of stopping smoking. These findings are not totally consistent with the theory that smoking exerts its deleterious effects by accelerating the age-related development of cerebral and carotid atherosclerosis. 22 -23 Rather, they suggest that smoking is also involved in the sequence of events that precipitate the clinical episode, for example, by increasing levels of fibrinogen or complicating the formation of atheroma by adversely affecting platelet function. Part of the reason for our finding of a reduced risk among ex-smokers could lie in a tendency for proxy-informants for dead, unconscious, or aphasic case subjects who were ex-smokers to give answers indicating that they were lifelong nonsmokers. It is also conceivable that some individuals who give up smoking make additional changes in their lifestyle that reduce the risk of stroke even further.
Of the factors included in the present analysis, only previous stroke or TIA, smoking, use of added salt, and consumption of fish and alcohol remain in the final Tables 2 and 4 Includes subarachnoid hemorrhage and strokes with uncertain pathology. tRefers to average daily consumption during the preceding week.
statistical model of risk factors for hemorrhagic stroke. Again, moderate drinking is associated with a protective effect, but there is a significant excess risk at levels of recent drinking above 60 g/d. This is consistent with earlier reports of a selective relation between heavy drinking and PICH, 2425 and the same trend is apparent in the data for drinking during an average week (not shown here). While there are a number of mechanisms by which alcohol could contribute to ischemic stroke, its effects on blood pressure, platelets, and the fibrinolytic system may explain the increased risk of intracerebral hemorrhage. 26 The most plausible explanation for an overall protective effect of moderate consumption of alcohol is that it elevates high-density lipoprotein cholesterol, while, at this level of intake, its effect on platelets and clotting may be beneficial.
An overview of the relation between smoking and stroke 8 has suggested that any effect of smoking on PICH specifically is probably small and may even be protective. This conclusion was based on four studies, and the authors of the overview commented that the results were dominated by one particular study that had been conducted in specialist neurological hospitals. In contrast, our data clearly show excess risks of PICH associated with any current smoking. That our cases of PICH were collected by population-wide ascertainment and were all objectively confirmed lends credibility to the present results.
Despite matching up to five control subjects to each case of PICH, this aspect of the study lacked statistical power because it was based on only 60 cases. Thus, as may be seen from Table 4 , the 95% confidence limits surrounding the odds ratio for a history of hypertension exclude 1.0, but only by a small margin. The same table also suggests that the effect of diabetes mellitus on the risk of PICH is qualitatively opposite to its effect on the risk of ischemic stroke. In other studies, the types of strokes suffered by patients have often been poorly defined, but the ratio of ischemic to hemorrhagic strokes appears to be higher in diabetics than nondiabetics. 27 Even with the limited statistical power, adding salt to food before it is eaten emerged as a strong risk factor for PICH, while frequent consumption of fish had a significant protective effect. The influence of these factors was not entirely explained by confounding by consumption of alcohol or a history of hypertension. Without a complete dietary survey, one cannot conclude that salt and fish per se are directly implicated in the etiology of strokes of any kind. Had we undertaken such a survey, confounding with other behaviors would remain possible, and it still would not necessarily be clear which nutrient, if any, altered the risk of stroke. However, our findings do lend credence to ecological studies linking changes in the consumption of foods with reductions in blood pressure or serum cholesterol. For example, a significant decline in mean blood pressure and the incidence of stroke in northeast Japan between 1953 to 1966 and 1980 to 1983 was linked to changes in diet that included increased intake of animal protein and decreased intake of salt. 28 More recently, Law, Frost, and Wald 29 combined data on TIA indicates transient ischemic attack. * Based on data for control subjects aged >20 years and age-standardized to the "world" population.
blood pressure and intake of salt from a number of observational studies of subjects from the same and different populations, as well as several intervention trials. They estimated that a modest 5 mm Hg reduction in the mean diastolic blood pressure of the population, achievable by reducing the average daily intake of salt by 50 mmol (through avoiding salty foods and not adding salt to food during cooking), would reduce the incidence of stroke by one fifth and that of ischemic heart disease by one sixth. Implementing changes across the whole population to reduce salt in processed food could produce a decrease in mean intake of salt of 100 mmol daily and might reduce the incidence of and mortality from stroke by 38%.
The need for caution in interpreting our results is emphasized further by our failure to demonstrate any significant benefits associated with recommended dietary behaviors such as trimming fat from meat or skin from poultry and avoidance of butter. In addition, habitual use of reduced-fat or skim milk was associated with a clear decrease in risk only in models for ischemic strokes and for all strokes combined. Nevertheless, seen in the light of historical trends in Australia toward lower average consumption of meat 30 and increasing prevalence of regular consumption of alcohol 30 and of avoidance of salt, 31 our findings provide broad support for a hypothesis that the downward trend in mortality from cerebrovascular disease is due in part to decline in the incidence of stroke, and some evidence that would support a selective decline in primary intracerebral hemorrhage. They also suggest that further changes in lifestyle relating to tobacco and diet might result in additional sizeable reductions in the burden of fatal and disabling cerebrovascular disease borne by the community.
